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Initial observations on this subject were presented at the Thirteenth
Western States Sage Grouse Workshop, Ontario, Oregon, August 30 -
September 1, 1983, under the title "Evidence of a Ten-Year Population
Cycle in Sage Grouse.” After considerable more analysis of the subject,
Mr. Rich presented information from this bulletin at the Idaho BIM Wild-
life Workshop, Boise, Idaho, March 4-6, 1985. He also has submitted this
information to the journal The Auk for formal publication, .

After mid-April 1985, Mr. Rich's duty station will be U.S. Bureau of Land
Management, Dickinson District Office, Dickinson, North Dakota 58602.



SAGE GROUSE POPULATION FLUCTUATIONS: EVIDENCE FOR A 10-YEAR CYCLE
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ABSTRACT.-Thirty-two years of counts of Sage Grouse (Centrocercus

urophasianus) males on leks in southern Idaho revealed major population

peaks about every 10 years. Lek counts from northern Utah and western
Nevada and harvest data from Idaho and Utah all show strong synchrony in
this cycle. 1Individual lek counts within each region tended to fluctuate
together despite being located in different habitats or at different
elevations. Eight of nine monthly weather variables having significant
correlations with lek counts in Idaho were precipitation, rather than
temperature, variables. However, weather variables were not useful in
predicting mean lek counts thro;gh linear-regression analysis. In Idaho 79%
of the variation in mean lek cognt could be explained by knowing the mean
lek count of the previous spring and the juvenile/adult ratio in the
preceding autumn's harvest. About 65% of the variance in the juvenile/adult
ratio could, in turn, be explained by knowing the amount of precipitétion in
Jﬁly and Augpst. There is no evidence that Sage Grouse populations decline
as a result of being alternate prey in a predator-prey system involving

coyotes (Canis latrans) and cycling black-tailed jackrabbit (Lepus

californicus) populations.

In this paper I propose to test the hypothesis that Sage Grouse

(Centrocercus urophaisnus) populations in three western states are

oscillating together annually and that their oscillations are similar to the



well-known 10-year cycle of the boreal forest of Canada (Keith 1963, Bulmer
1974, Finerty 1980). Such a population cyclicity in the Sage Grouse was
suspected by Patterson (1952) but no data analysis was presented. I further
examine several weather and population variables through multiple
linear-regression analysis in order to identify variables that might be
useful in a populﬁtion model for this species.

Currently among the tetraonids, evidence for a 10-year population cycle
exists for the territorial Willow Ptarmigan (Lagopus lagopus) (Bergerud
1970, 1971), Rock Ptarmigan (L. mutus) (Gudmundsson 1960, 1972; Weeden and
Theberge 1972), and Ruffed Grouse (Bonasa umbellus) (Bump et al. 1947, Keith
1963). Less evidence is available for the lekking Sharp-tailed Grouse
(Iympanuchus phasianellus) and Greater Prairie-chicken (I. cupido)
(Hamerstrom and Hamerstrom 1954, Lack 1954, Williams 1954, Keith 1963). The

Sage Grouse is a lekking species.
METHODS

Male Sage Grouse have been counted on leks by a number of biologists
over the years, including the author, on 24 leks in southern Idaho, 9 leks
in northern Utah, and 6 leks in western Nevada (Fig. 1). Data from these
léks were selected from among a greater number of known leks in historical
files on the basis of having at least seven, and up to 32, consecutive years
of lek counts (Table 1). In Idaho, about 2 (range 1 to 7) counts of males
were made per lek per year. 1In Utah, about 3 (range 1 to S) counts were
made per lek per year since 1978. Before that, at least 2 counts were made
in most cases. In Nevada, about 1 count was made per lek per year. Where
more than 1 count was made in a given spring, I used the maximum number of

males in analysis. Female counts were available for many dates, but these



counts are less reliable due to the female's much smaller size and
inconspicuous behaviof. Therefore, no female count data were analyzed.

Harvest data for Idaho consisted of the total kill on the opening
weekend of hunting season from the following harvest units of the Idaho
Department of Fish and Game: North Shoshone-Burma-Richfield, East
Feirfield, and North Gooding. I present similar data from qu Elder County,
Utah and Washoe County, Nevada.

Weather data were only examined for Idaho and were taken from the
nearest appropriate weather station of the National Oceanic and Atmospheric
Administration (Fig. 1). Weather variables consisted of mean monthly
precipitation and mean monthly temperature for December through June between
1951 and 1982, I analyzed weather effects for subsets of leks (Table 1)
that were grouped in the same habitat, were near one another and a weather
station, and ﬁad relatively many years of lek counts. For the Picabo Hills
lek complex, I used the average values of weather variables for Picabo and
Richfield. Data were available from Richfield since 1951, but those for
Picabo between 1951 and 1959 had to be estimated. A separate linear
regression was established for each month using temperature and
precipitation at Richfield between 1960 and 1982 as the predictor
variables. The 52 values for these regressions were between 0.79 and 0.94
(all P £0.001). For the North Laidlaw lek complex I used the average values
of weather variables from Richfield and Craters of the Moon. Weather data
for Craters of the Moon between 1951 and 1959 were estimated from Richfield
data as described above. Weather data for the South Laidlaw lek complex
were taken from Richfield and those for the Bennett Hills complex were from
Hill City.

In the discussion of multiple regression I use sevefal abbreviations to

shorten the text. Weather variables are given as the first three letters of



the month followed by-a "P" for precipitation or "I" for temperature. The
mean maximum number of males on a lek is represented by "Lek" and the
juvenile/adult ratio in the opening weekend of harvest by "Juv/Ad". For all
variables the subscript "t" refers to the subject year and "t—1" to the
previous year.

Stepwise multiple regression, missing value correlation, and spectral
analysis were computed with programs in the BMDP series (Dixon 198l). Mean
lek counts were generally proportional to their variances, so in
linear-regression analysis I enalyzed both the raw data and the raw counts
sqare-root transformed. Spectral analysis was performed on log-transformed
data (Finerty 1980). All weater data weré normally distributed. Because

Lekt and Lekt—l were not independent, all P values involving these

variables are for general guidance and should not be taken at face value.
RESULTS

LEK SIZES AND HABITATS

The mean maximum count of males by lek over all years ranged from 10.6
at Warm Springs Road to 110.4 at Nolan Raanch (Table 1). Among the ten lek
complexes and their associated nesting habitats, five were dominated by
different species or subspecies of sagebrush (Artemisia sp.) (Table 1).
Although the Picabo Hills and South Laidlaw were both dominated by Wyoming
big sagebrush (A, tridentata wyomingensis), the latter lek complex averaged
100 m lower in elevation, 3 c¢m less yearly precipitation, and 0.6° C
greater mean annual temperature. These factors contribute to the two sites
being different habitats, e.g., the dominant grass in the Picabo Hill was
bluebunch wheatgrass (Agropyron spicatum) whereas that iﬂ-South Laidlaw was

cheatgrass (Bromus tectorum). In Utah, the Dove Creek and Rosebud complexes




were in gimilar black.-sagebrush (A. nova) habitats (Table 1), but the mean
elevations differed. In Nevada, all leks were in A. arbuscula habitats, but
again the mean elevations of the lek complexes were different. Generally,
the leks reported here were located in different combinatipns of nesting
habitat and elevation, and, hence, precipitation and temperature.

POPULATION FLUCTUATIONS

Idaho.—-The mean maximum number of males on the 24 Idaho leks peaked in
1955 or 1958, 1970, and'1980 and reached lows in 1964, 1976, and, possibly,
1982 (Fig. 2). There was a mean of 70.7 males on the 19 leks counted in
1970, the highest population year, and a mean of 15.7 males on the 14 leks
counted in 1982, the lowest year to date.

The individual lek counts tended to fluctuate in synchrony with each
other. Of the 276 pos#ible pairwise correlations among the counts on 24
leks, 215 correlations were positive and 61 were negative. Among the
positive correlations, 97 were significant at P {0.05 including 35 at P
0.001. This contrasts sharply with the negative correlations where only
seven were significant at P <0.05 including one at P<0.01. A similar
correlation matrix from random numbers would be half negative and half
positive with only about 14 correlations significant at P <0.05.

Spectral analysis of these data shows that the sine wave making the
lgrgest contribution to the Idaho population curve has a period of 0.10
cycles/year or 1 cycle/10 years (Fig. 3). There is also a large
contribution from a wave with a period of 0.12 cycles/year or 1 cycle/8.3
years.

Total opening-weekend harvest since 1962, although subject to sundry
confounding variables, coincided with the lek-count data. Peak harvests
occurred in 1971 and 1980 with lows in 1965 and 1975 (Fig. 4). The total

opening-weekend harvest was significantly correlated with mean maximum lek



count of the same year (r = 0.63, P <0.005).

Utah.-~-The mean maximum number of males on nine leks in Utah peaked in
1969 and 1980 and possibly 1959 and reached lows in 1964 and 1974 (Fig. 2).
The highest number was reached in 1980 with a mean maximum of 72.7 males on
nine leks. The low was‘17.5 males on two leks in 1964.

The_synchrony of Utah lek counts was not as marked as that for Idaho
but, nevertheless, lek counts did fluctuate together. Of 36 possible
pairwisé correlations between counts, 24 were positive and 12 negative.
Seven of the positive correlations wefe significant at P 0,05 (four at P <
0.001) whereas none of the negative correlations was significant.

Spectral analysis of these data revealed a peak at 0.12 cycles/year or
1 cycle/8.3 years (Fig. 3). The contribution of a sine wave with 1 cycle/10
vears was relatively great but no more so than that of a wave with 1
-cycle/6.3 years.

| Total opening-weekend harvest since 1969 peaked in 1970 and 1979 with a
low in 1975 (Fig. 4). As in Idaho, harvest data were significantly
correlated with the lek counts (r = 0.64, P < 0.02).

Nevada.--Lek counts for western Nevada are available for a shorter
period of time and show ﬁ peak in 1979 with possible lows in 1975 and 1983
(Fig. 2). Again, leks tended to fluctuate together. Of 15 pairwise
cérrelations between lek counts, 12 were positive and 3 negative. Five of
the positive correlations were significant at P 0.05 (two at P <0.001) and
none of the negative correlations was significant. These data were
insufficient for spectral analysis.

Harvest data from Washoe County does not broadly coincide with harvest
data for Utah and Idaho and does not suggest a 10-year cycle (Fig. 4). This
is chiefly because of the large number of grouse harvested in 1973 and

1974. Lek counts and harvest data were similar to each other from 1976 to



1982. Also, the low in the Washoe County harvest in 1976 and peaks around
1970 and 1980 were similar to those in Idaho and Utah (Fig.4).
MEAN LEK SIZE IN IDAHO

Weather Variables.--Stepwise multiple-linear regression of weather and
population variables revealed that using Lekt or Lekt square-root
transformed.produced nearly the same results. Therefore, I will only
discuss the results of analysis with the untransformed data.

For all Idaho data combined, three weather variables were significantly
correlated with Lekt (Table 2), but each explained less than 5% of the
variation in Lekt. In the multiple regression, only Lek.t_1 was
entered. The significance of this regression is undefined because Lekt
and Lekt_1 are not independént. However, 53% of the variance in Lekt
was explained and the P value (< 0.001) point out the strong serial
relationship.

Because each of the lek complexes in Idaho was in a different
combination of habitat and climate, it is useful to examine each lek complex
separately. 1In the Picabo Hills two weather variables had significant

correlations with Lekt but only Lekt was entered into the regression

1
(Table 2). This is the only complex where a June variable was significantly
correlated with Lekt.

In South Laidlaw, two weather variables were significantly correlated
with Lekt but only Lekt_1 was entered into the regression (Table 2). 1In
South Laidlaw, the Picabo Hills, and for the total data set, there was a
positive correlation between Lekt and January precipitation of the same
year. This was the second most consistent pattern among the correlations.

In North Laidlaw, no weather variables were significantly correlated

with Lekt (Table 2). However, Lekt_1 was highly correlated and was

entered into the regression.



The Bennett Hills complex was unique in that Lekt_1 was not
significantly correlated with Lekt. and no variable was entered into the
regression (Table 2). It is also the only case in which a temperature
veriable was significantly correlated with Lekt.

In summary, although weather variables showed some significant
correlations with population size, none of them was useful in predicting
population size. Knowledge of the previous year's population size, however,
was useful in prediction in all cases but the Bennett Hills.

Age Ratios.——One‘other data set available for prediction of Lekt was
the juvenile/adult ratio in the harvest. Because the harvest data cover a
general geographic region, the depepdent variable must be a yearly mean for’
all leks by state, i.e., the lek complexes cannot be analyzed separately.
Two relationships with Juv/Ad were examined: That between the subject
vear's lek count and following autumn's age ratio (Lekt and Juv/Adt) and
that between the subject year's lek count and the previous autumn's age
ratio (Lekt and Juv/Adt_l).

In all three states there was no sighificant linear regression with

Lekt as the independent variable and Juv/Ad, as the dependent variable

t
(Idaho, 52 = 0.06, 0.20 P <0.50; Utah, 52 = 0,03, 0.50< P; Nevada, _1;2

= 0.13, 0.20< P<0.50). However, Juv/Ad did explain a significant

t-1
amount of the variation in Lekt in Idaho (Fig. 5). In Utah and Nevada

there was no relationship (_1;2 = 0.00, 0.50< P and 52 = 0.05, 0.50<P,
respectively).

The age ratio also improved the prediction of Lekt when entered into
the multiple linear regression with variable Lekt_1 for Idaho (Lekt =

2

-6.8 + 10.0 Juv/Adt_1 + 0.7 Lekt—l' R =0.79). As befoFe, Lekt and

Lekt_1 are not independent and the P value ({0.001) is only suggestive of

a strong relationship. Thus, 79% of the variation in mean maximum lek size



of 24 leks in Idaho between 1962 and 1983 can be explained by knowing the
previous year's mean lek size and the juvenile/adult ratio of the previous
autumn's opening-weekend harvest.

Because there was no significant relationship between mean lek count
and the following autumn's age ratio, I examined summer precipiﬁation
variables in an attempt to explain some of the variation in that age ratio.
A highly significant linear regression was obtained with August
precipitation accounting for 51% of the variation in Juv/Adt (Fig. 6).
Summers with unusually high August precipitation tend to lead to higher
proportions of juveniles in the fall harvest. The relationship was not well
defined in years of low precipitation, however, as two years with no August
precipitation were still followed by relatively high proportions of
juveniles (Fig. 6). Also confusing the interpretation somewhat was the fact
that July precipitation had a significant negative correlation with
Juv/Adt (r = -0.48, P<0.05). This variable also significantly improved
the linear regression (Juv/Adt =1.4 -0.2 JulPt + 0.2 AugPt. 52 =
0.65, F = 16.77, P<0.001). Although no weather variables were examined for
Utah, the age ratios in Idaho and Utah were correlated (r = 0.72, P ¢
0.005). This suggests that whatever factors influenced survival of juvenile
Sage Grduse over the summer period may be operating in the same way in the
tﬁo states. There was no significant correlation between the age ratios of
Idaho and Nevada (r = 0.17, 0.50 P) or Nevada and Utah (r = 0.32, 0.20 P)

0.50).
DISCUSSION

The evidence presented suggests that Sage Grouse populations might be

undergoing a 10-year cycle. Patterson (1952, p. 35) thought it was ".
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highly probable that this species of grouse may also be exhibiting the
cyclic phenomena or oscillations so well associated with most other grouse
and upland game birds." Patterson (1952) did not pursue his thinking with
analysis of his Wyoming data but did cite evidence of population peaks in
1931-33, 1941, and 1950 with lows in 1935-37 and 1945-47. If this pattern
in Wyoming were extended, it would coincide with the cycles reported here.
Other historic information on Sage Grouse population cycles is sketchy at
best. A marked population drop in 1932 in Utah was thought to be a result
of cyclical fluctuations induced by parasites (Stoddard and Kay, unpubl.
report in Lords 1951). Hamerstrom and Hamerstrom (1961) stated that fhe
Sage Grouse had undergone dramsatic, but poorly understood, changes in
abundance.

Other ecological information for Sage Grouse is consistent with certain
features of species whereiﬁ some populations are cyclic. The sagebrush
éteppe habitat is relatively simple (Dasmann 1964, Bendell 1972), the
habitat occurs in large continuous blocks (Fig. 1, Leopold 1933), winters
are cold and snowy, and the winter diet is simple (Patterson 1952, Wallestad
1975, Watson and Moss 1979). In addition, population fluctuations are often
greater in marginal habitat (Rowan 1948, Hildéh 1965, Jenkins et al., 1967,
Linden and Rajala 1981). Sage Grouse habitat in southern Idaho, with which
I.am most familiar, is clearly inferior to that in the higher elevations of
Idaho and Colorado in having less annual precipitation and a depauperate
herbaceous flora (pers. obs.). Both vegetative and insect food resources
are apt to be less available, particularly in summer (see below).

Keith (1963) pointed to a major problem with Cole's (1951, 1954)
hypothesis that cycles can be generated by random fluctuations. Namely, it
is difficult to explain repeated snychrony of populations in different

regions and habitats. Yet both the lek count and harvest data for Sage
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Grouse show marked synchrony of populations in several different habitat
types separated geographically by considerable distances. The differences
in habitat types are important to Sage Grouse because the stature and
palatability of the different sagebrush taxa and, hence, their suitability
for food, nesting, and winter cover, vgries considerably (Winward.1970.
Autenrieth 198l1). One must, therefore, examine possible explanations for
cyclicity that go beyond local Gegetation dynamics.

The attempt to discover the population-control mechanisms in cycling
grouse is a complex undertaking (Bump et al. 1947, Cole 1954, Jenkins et al.
1967, Myrberget 1972, Weeden end Theberge 1972, Watson and Moss 1979). The
analysis of weather data was presented here despite the fact that weather,
as a sufficient cause for cyclical populations, has been widely discredited
and may, most importantly, synchronize regional fluctuations (Lack 1954,
Bergerud 1970, Bendell 1972a, Hyrberget 1972, Watson and Moss 1979). It is
possible that such a synchronization has caused the Idaho and Utah data
presented here to be more similar to each other than either is to the Nevada
data. Unfortunately, the sample sizes for Nevada lek counts are relatively
small and the harvest data somewhat incomplete. It is probably unwise to
attempt too much explanation for patterns there.

Even if inadequate to cause cycles, the Idaho weather data do suggest
séme biologically meaningful relationships that should be considered in a
population model for the species. These data are consistent with the
finding that chick mortality due to wet weather during the brood-rearing
period is not sufficient to account for following-year population size
(Jenkins et al. 1967, Bergerud 1970, Bendell 1972a, Myrberget 1972, Watson
and Moss 1979). Because most Sage Grouse chicks are hatching in April, May,
and June (R. Autenrieth, pers. comm.), I had expected the weather variables

during these months to emerge with more significant correlations. However,
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only one weather variable during the brood-rearing period, JunP _1* wes

t
correlated with Lekt and that positively in the Picabo Hills complex.

June precipitation may have caused a greater production of insects (Potts
1972) for young Sage Grouse and, thus, had a positive rather than & negative
effect.

Eight of the nine weather variables having significant correlations
with Lekt involved precipitation, not temperature. In & region where
precipitation is low and variable, it is not surprising that the amount and
timing of that precipitation may affect grouse populations. The only
significant correlation between Lekt and a temperature variable was in the

Bennett Hills where a positive correlation existed for DecT d

o
Lekt. This may be biologically meaningful in that this lek complex is
substantially higher than the other three (Table 1). Perhaps this is the
one ares where winter temperatures do become severe enouéh to affect
survival. This was also the only area showing a relatively large negative
correlation between a winter precipitation variable and Lekt.

It has generally been assumed that fluctuations in grouse populations
are in some way related to chick production and surviv#l even if an
extrinsic factor such as spring weather is not the ultimate casual factor
(Bump et al., 1947, Hoffman 1958, Bergerud 1970, Myrberget 1972, Redfield
i975. Watson and Moss 1979). An intrinsic factor to consider is how
production varies with breeding bird density. The juvenile/adult ratio for
Idaho, Utah, and Nevada populations showed no significant linear
relationship with population size of the preceding spring. Jenkins et al.
(1967)}&150 found no relationship between breeding success and population
density of Willow Ptarmigan. 1In one case, the percentage of juvenile Willow

Ptarmigan in autumn was actually negatively correlated with the size of the

nesting population (Myrberget 1972). A similar observation has been made
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